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Abstract 

Essential element concentrations in biological samples may be related to the 

pathogenesis of various diseases. Previous studies have reported that serum iron (Fe), 

zinc (Zn), and copper (Cu) were related to acute myocardial infarction (AMI). However, 

the differences in element concentrations between AMI and other cardiac disease has not 

been investigated. In this study, differences in plasma Fe, magnesium (Mg), Zn, Cu, 

calcium (Ca), inorganic phosphorus (P), and cardiac troponin T (TnT) levels in heart 

disease patients (AMI, angina, heart failure, and chest pain) were investigated to explore 

potential markers of AMI. Fe, Mg, Zn, and Cu concentrations were assayed by using a 

Metallo Assay kit; Ca and inorganic P were determined by using an automatic 

biochemical analyzer; and cardiac TnT levels were assayed by using enzyme-linked 

immunosorbent assay. Plasma TnT levels were higher in AMI than in other heart 

diseases and were negatively correlated with Cu and Ca. Fe, Cu, and inorganic P levels 

were within the normal range, while Mg and Ca levels were lower, and Zn levels were 

higher than the normal range in heart disease patients. Except Mg, no significant 

differences in element levels were observed among heart diseases: Mg levels were 

significantly higher in AMI than in heart failure. These results suggest that lower Cu and 

Ca levels and a higher Mg level compared with other heart diseases may be a marker of 

AMI. 
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Introduction 

Iron (Fe), zinc (Zn), copper (Cu), calcium (Ca), and magnesium (Mg) are essential 

elements in the body. They play important roles in metabolic reactions and are essential 

for physiological enzyme processes (Yuan et al. 2010), with more than 500 enzymes 

incorporating essential elements in the active center or a prosthetic group (Freeland-

Graves et al. 2015). Changes in essential element homeostasis may damage tissue 

through oxidative stress (redox metabolism imbalance) and inflammation (Morrison et 

al. 1994; Little et al. 2010; Li et al. 2012). Therefore, essential-element concentrations in 

biological samples may be related to the pathogenesis of various diseases. Indeed, 

elemental analysis of human serum may be useful for the diagnosis of phenylketonuria 

(Gok et al. 2016), bronchial asthma (Vural et al. 2000), and amyotrophic lateral sclerosis 

(Peters et al. 2016). In addition, higher blood Cu levels and lower Zn levels have been 

reported in pulmonary tuberculosis (Deveci et al. 2003) and systemic lupus 

erythematosus (Tóth et al. 2017). Furthermore, higher blood Cu levels have been 

confirmed in cancer patients (Guo et al. 2012; Stepien et al. 2017; Tamai et al. 2020; Lin 

et al. 2021; Pala et al. 2022). 

In addition to the above diseases, associations have been reported between blood 

essential element concentrations and heart diseases. An increased risk of fatal myocardial 

infarction was identified in individuals with high serum Fe concentrations in a Canadian 
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population (Morrison et al. 1994), while increased Fe, increased Cu, and decreased Zn 

concentrations were found in the whole blood of Pakistani myocardial infarction patients 

(Kazi et al. 2008). Low serum and dietary Mg were reported in American patients with 

cardiovascular disease (Ma et al. 1995) and low serum Zn concentrations were reported 

in ischemic cardiomyopathy patients in Spain (Mártin-Lagos et al. 1997). Ford (2000) 

found elevated serum Cu concentrations in American cardiovascular disease patients. In 

contrast, decreased serum Cu concentration was reported in Russian patients with 

transient ischemic attack (Klimenko et al. 2016). Decreased serum Fe and/or Zn has been 

reported in Pakistani patients with acute myocardial infarction (AMI) (Khan et al. 1984; 

Kazi et al. 2008) In contrast, increased serum Fe levels and risk of fatal AMI (≥175 

µg/dL) were reported in a Canadian population (Morrison et al. 1994). Few studies have 

investigated blood element concentration as a diagnosis marker of AMI. Huang et al. 

(2014) suggested that low serum Fe concentration is a potential prognostic factor for left 

ventricular systolic function after revascularization therapy for AMI and may be a novel 

biomarker for therapeutic intervention. Lim et al. (2023) suggested that Cu and selenium 

may be specific biomarkers of AMI. Because AMI is the most serious syndrome of 

coronary heart disease (Mladenka et al. 2009) and one of the leading causes of mortality 
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and morbidity worldwide (Lim et al. 2023), effective diagnosis markers of AMI are 

urgently needed.  

However, to our knowledge, the differences in blood essential element 

concentrations among cardiovascular diseases have not been investigated. Therefore, in 

this study, plasma Fe, Mg, Zn, and Cu concentrations were assayed in patients with heart 

disease (AMI, angina, heart failure, and chest pain) to elucidate the differences among 

heart diseases and explore diagnosis markers of AMI. Moreover, plasma calcium (Ca), 

inorganic phosphorus (P), and cardiac troponin T (TnT) levels were investigated. 

 

Materials and methods 

Samples 

Venous blood samples were Materials and methods 

 taken from 52 patients with heart disease who visited the emergency outpatient 

department of Shimane University Hospital (Shimane, Japan) from 2016 to 2019 (Table 

1), including 24 patients with AMI, 8 with angina, 10 with heart failure, and 10 with 

chest pain. Blood samples were taken from patients upon admission to the hospital. 

Informed consent was obtained from all patients. Whole blood (7 mL) was drawn into 

heparinized tubes and plasma was separated by centrifugation at 500 × g and stored at 

−80°C until analysis. This study protocol (20151214-2) was reviewed and approved by 
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the Human Ethics Committee of Shimane University School of Medicine and the data 

collection methods were carried out in accordance with the approved guidelines. 

 

 

TnT assay 

Cardiac TnT levels in plasma (50 µL) were determined by enzyme-linked 

immunosorbent assay (ELISA) using a Human Cardiac Troponin T ELISA Kit 

(Abcam, San Diego, CA). Absorbance at 450 nm was measured using a Multiskan™ 

GO Microplate Spectrophotometer (Thermo Fisher Scientific Inc., Waltham, MA). 

Table 1    

Sample size and age of each heart disease patient.  

 Male Female Total 

 (n = 32) (n = 20) (n = 52) 
    

Acute myocardial infarction 14 10 24 
    

Cardiac angina 6 2 8 
    

Cardiac failure 7 3 10 
    

Chest pain 5 5 10 
    

    

Age, years 72.8 76.1 74.0 

 (30–88) (45–89) (64–80) 
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Fe, Mg, Zn, and Cu assays 

Plasma Fe concentration in the samples (40 µL) was assayed using a Metallo 

Assay Iron Assay kit LS - Ferrozine Method (AKJ Global Technology Co., Ltd., Chiba, 

Japan). Dissociated Fe (Fe2+ and Fe3+) and Ferrozine (chelator) form a purple complex 

and the absorbance at 560 nm was measured by using a Multiskan™ GO Microplate 

Spectrophotometer to determine the Fe concentration. A Metallo Assay Magnesium 

Assay kit LS - Xylidyl Blue-I Method (AKJ Global Technology Co., Ltd.) was used to 

analyze the plasma Mg concentration in the samples (3 µL). The Mg-Xylidyl Blue-I 

complex (chelator) form a red-colored complex, and the absorbance at 660 nm was 

measured to determine the Mg concentration. Dissociated Zn was analyzed by using a 

Zinc Assay kit LS - 5-Br-PAPS Method (AKJ Global Technology Co., Ltd.). Zn ions 

form a red-colored complex with 5-Br-PAPS (as chelator). Zn concentrations in the 

samples (12 µL) were determined by measurement of the absorbance at 560 nm, with 

correction for absorbance at 700 nm. A Copper Assay kit LS - 3,5-DiBr-PAESA Method 

(AKJ Global Technology Co., Ltd.) was used to measure plasma Cu levels in the 

samples (12 µL). Dissociated Cu+ forms a brown 3-5 DiBr-PAESA complex (as 

chelator) and the absorbance at 580 nm was measured to determine Cu levels. 
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Ca and P assays 

Plasma Ca and inorganic P levels were determined using an automated 

biochemical analyzer (SPOTCHEM SP4430; Arkray Inc., Kyoto, Japan) with reagent 

strips (Spotchem II Ca2 and IP; Arkray Inc.) according to the manufacturer’s 

instructions. In this assay, 250 µL of plasma sample was used.  

 

Statistical analysis 

Between-group differences in essential-element concentrations and TnT levels 

were analyzed using the Tukey–Kramer test. Spearman’s rank correlation test was 

performed to examine the relationships between the plasma levels of TnT and essential 

elements. These analyses were conducted using Bell Curve for Excel (Social Survey 

Research Information Co. Ltd., Tokyo, Japan). 
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Results and Discussion 

Plasma TnT levels in heart disease patients 

Levels of plasma TnT, which is a marker of myocardial infarction, were 

investigated by using Human Cardiac Troponin T ELISA Kit in heart disease patients 

(Fig. 1). In AMI, plasma TnT levels in 4 patients out of 14 patients greatly exceeded the 

normal limit. In addition, plasma TnT levels were higher than the normal limit (<14 

pg/mL) in about half of the other heart disease patients. Although significant differences 

were not observed, TnT levels were higher in AMI patients than in patients with other 

heart diseases.  

 

Fig. 1. Dot plot of plasma TnT levels (pg/mL) in heart disease patients. Average is 

shown as a bar. A Tukey–Kramer test did not reveal significant between-group 

differences. The light blue area shows the normal range. 
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Plasma Fe concentrations in heart disease patients, which were assayed by using a 

Metallo Assay Iron Assay kit LS, are shown in Figure 2. Fe is utilized mainly for heme 

synthesis and incorporation into hemoglobin. Body Fe status is associated with 

cardiovascular disease development: iron-deficiency anemia has been reported to be 

most common in heart failure patients (Naito et al. 2021). Previous studies reported an 

association between increased serum Fe levels and risk of fatal AMI (≥175 µg/dL) 

(Morrison et al. 1994), myocardial infarction (Kazi et al. 2008), and acute coronary 

syndrome (Altekin et al. 2005) but also decreased Fe levels in AMI (Khan et al. 1984). A 

recent study demonstrated that high serum Fe levels within the normal range are 

associated with lower cardiovascular disease incidence (Gutierrez-Bedmar et al. 2021). 

In this study, almost all the Fe concentrations in both men and women were within the 

 

Fig. 2. Dot plot of plasma (a) male Fe and (b) female Fe concentrations (µg/dL) in 

heart disease patients. Average is shown as a bar. A Tukey–Kramer test did not reveal 

significant between-group differences. The light blue area shows the normal range. 
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normal range (male: 54–200 µg/dL; female: 48–154 µg/dL) and no significant 

differences were observed among the heart diseases (Fig. 2a, b). 

Mg plays a role in maintaining electrochemical gradients, and cardiac excitation is 

affected by Mg modulation of Na and Ca channels and the Na/K ATPase pump of 

cardiac myocytes (Tangvoraphonkchai et al. 2018). Mg has anti-inflammatory effects 

(Swaminathan et al. 2007; Shi et al. 2008). A low serum Mg concentration has been 

implicated in cardiovascular diseases (Ma et al. 1995; Gorący et al. 2021), the 

pathophysiology of heart failure (Tangvoraphonkchai et al. 2018), and valve calcification 

caused by an imbalance between calcification inhibitors and promoters, elevated 

oxidative stress, and the inflammatory response (Tsai et al. 2023). Plasma Mg 

 

Fig. 3. Dot plot of plasma Mg concentration (mg/dL) in heart disease patients. 

Average is shown as a bar. Data were analyzed with a Tukey–Kramer test. *p < 0.05 

when compared between individual groups. The light blue area shows the normal 

range. 
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concentrations in heart disease patients, which were assayed by using a Metallo Assay 

Magnesium Assay kit LS, are shown in Figure 3. Similar to previous studies (Ma et al. 

1995; Gorący et al. 2021), heart disease patients showed lower Mg concentrations than 

normal range (1.8–2.6 mg/dL) and a significant difference was observed between AMI 

and heart failure patients (p < 0.05).  

Zn, which is an important component of bio-membranes and a vital cofactor of 

various enzymes, plays an antioxidant role (Bray and Bettger 1990). Zn is an essential 

metallic micronutrient that is potentially associated with cardiovascular diseases (Little 

et al. 2010). Zn is indispensable for cardiovascular physiology and plays a protective role 

in coronary artery disease and cardiomyopathy (Little et al. 2010; Ozyildirim et al. 

2023). Previous studies reported decreased serum Zn levels in AMI (Khan et al. 1984; 

Kazi et al. 2008), acute and chronic heart failure (Alexanian et al. 2014), acute coronary 

syndrome (Altekin et al. 2005; Bayır et al. 2013), heart failure (Yoshihisa et al. 2018; Yu 

et al. 2018), and cardiovascular disease (Ma et al. 1995). Plasma Zn concentrations in 

heart disease patients, which were assayed by using a Zinc Assay kit LS, are shown in 

Figure 4. In the present study, Zn concentrations in heart disease patients were above the 

normal range (80–130 µg/dL) and there were no significant differences among the 

different heart diseases, in contrast to previous studies. 
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Cu is an essential element for super oxide dismutase (SOD), which catalyzes the 

oxidation-reduction reaction (Linder et al. 1996) and also requires Zn and manganese to 

function (Kazi et al. 2008). SOD is a powerful antioxidant defense enzyme that 

eliminates highly reactive superoxide. However, excess circulating Cu may promote 

reactive oxygen species (Bo et al. 2008). In addition, a higher Cu concentration may 

increase cardiovascular risk due to its potential role in atherogenesis (Salonen et al. 

1991; Kang 2011). Elevated serum Cu levels have been reported in cardiovascular 

disease (Khan et al. 1984; Kazi et al. 2008; Ford 2000; Isiozor et al. 2023), acute and 

chronic heart failure (Alexanian et al. 2014), and acute coronary syndrome (Altekin et al. 

2005). In contrast, decreased serum Cu concentrations have been found in chronic heart 

 

Fig. 4. Dot plot of plasma Zn concentration (µg/dL) in heart disease patients. Average 

is shown as a bar. A Tukey–Kramer test did not reveal significant between-group 

differences. The light blue area shows the normal range. 
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failure patients and acute coronary syndrome patients (Bayır et al. 2013). The plasma Cu 

concentrations in heart disease patients, which were assayed using a Copper Assay kit 

LS, are shown in Figure 5. In this study, the average plasma Cu levels in the heart 

disease patients were within the normal range (76–140 µg/dL), although several patients, 

particularly those with chest pain, showed higher levels. Nonetheless, significant 

differences were not observed in Cu levels among the different heart diseases. 

Plasma Cu/Zn ratio in heart disease patients 

As mentioned above, Cu and Zn are essential elements that are important cofactors for 

SOD, which prevents free-radical-induced injury (Yücel et al. 1994). Cu and Zn in the 

body interact with and balance each other (Bayır et al. 2013). Relatively high Cu and low 

Zn circulating levels may result in increased oxidative stress or impaired antioxidant 

 

Fig. 5. Dot plot of plasma Cu concentration (µg/dL) in heart disease patients. 

Average is shown as a bar. A Tukey–Kramer test did not reveal significant between-

group differences. The light blue area shows the normal range. 
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capacity (Bo et al. 2008). Elevated Cu/Zn ratio has been reported in cancer patients 

(Stepien et al. 2017; Bengtsson et al. 2023) and pulmonary disease patients (Kunutsor et 

al. 2023). Both excess Cu and Zn deficiency have been linked to type 2 diabetes with 

renal dysfunction (Hamasaki et al. 2016) and coronary heart events in type 2 diabetes 

(Soinio et al. 2007; Yary et al. 2016). Moreover, imbalance between Cu and Zn may be a 

factor in the etiology of cardiovascular disease (Malavolta et al. 2010) and elevated 

Cu/Zn ratio has been reported in cardiovascular disease patients (Little et al. 2010; Ford 

2000; Malavolta et al. 2010; Mirończuk et al. 2021; Kunutsor et al. 2022). The serum 

Cu/Zn ratio in healthy individuals is about 1 (Suciu et al. 1992). However, in this study, 

the Cu/Zn ratio of heart disease patients was lower than 1. Significant differences were 

not observed among heart disease patients (Fig. 6). 

 

Fig. 6. Box plot of plasma Cu/Zn ratio of heart disease patients. A Tukey–Kramer 

test did not reveal significant between-group differences. 
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Plasma Ca and inorganic P levels in heart disease patients 

Lower serum Ca levels are associated with an increased risk of sudden cardiac arrest 

(Yarmohammadi et al. 2017). High serum P levels have been connected to adverse 

health outcomes in cardiovascular diseases due to artery calcification (Adeney et al. 

2009; Giachelli 2009; Rajamannan 2011; Raikou 2021). In addition to the Fe, Mg, Zn, 

and Cu, we measured plasma Ca and P levels in heart disease patients, using automatic 

biochemical analyzer (Fig. 7). Plasma Ca levels were lower than the normal range (8.8–

10.4 mg/dL) in patients with heart diseases and no differences were observed among the 

heart diseases (Fig. 7a). Plasma inorganic P levels were within the normal range but 

relatively low in heart disease patients, and patients with chest pain showed lower levels 

than the normal range (2.5–4.5 mg/dL) while two patients with AMI showed high levels 

 

Fig. 7. Dot plot of plasma (a) Cu and (b) P concentrations (mg/dL) in heart disease 

patients. Average is shown as a bar. A Tukey–Kramer test did not reveal significant 

between-group differences. The light blue area shows the normal range. 
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(Fig. 7b). 

 

Correlation analysis 

 Table 2 shows the results of the Spearman’s rank correlation test that examined the 

relationship between the plasma levels of the TnT and essential elements. Correlation 

analyses between cardiac markers and essential element levels are scarce. A previous 

study reported a positive correlation between serum Cu and cardiac markers (cardiac 

TnT, cardiac troponin I, and creatine kinase-MB), a positive correlation between serum 

Fe and troponin I, and a negative correlation between serum Zn and cardiac TnT (Altekin 

et al. 2005). In this study, serum TnT levels were negatively correlated with Cu (p < 

0.05) and Ca (p < 0.01) in AMI patients (Table 2). 

Jariwala et al. (2014) indicated a positive correlation of Fe and Zn concentrations 

in maternal serum and cord blood serum. In patients with chronic heart failure, moderate 

and positive correlations were observed for Fe vs Mg and Fe vs Cu in men and for Fe vs 

Ca in women, while weak positive correlations were observed for Fe vs Cu, Fe vs Zn, 

and Fe vs inorganic P in women (Swaminathan et al. 2007). Similarly, in this study, Fe 

levels were positively correlated with Cu in AMI patients (p < 0.05) and heart failure 

patients (p < 0.01) and were correlated with Ca (p < 0.05) in AMI patients (Table 2). 
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Al-Jameil et al. (2017) reported a negative correlation for Mg vs Ca and Mg vs Zn 

in the serum of preeclampsia patients. In patients with chronic heart failure, strong 

positive correlations have been observed for Mg vs Cu and Mg vs Ca in men and 

women, while a negative correlation has been observed for Mg vs inorganic P in men 

(Gorący et al. 2021). In the present study, plasma Mg levels were positively correlated 

with Ca (p < 0.05) and inorganic P (p < 0.05) in patients with heart failure (Table 2). 

Lee et al. (2019) indicated a positive correlation between the serum concentrations 

of Zn and Cu in patients in an intensive care unit. In patients with chronic heart failure, a 

moderate positive correlation has been observed for serum Zn vs Ca concentration in 

women (Gorący et al. 2021). In contrast to the previous study, we observed a negative 

correlation for Zn vs Ca (p < 0.05) in the serum of patients with chest pain (Table 2). A 

negative correlation was observed for Zn vs inorganic P in patients with AMI. Ca levels 

were positively correlated with P in AMI, angina, and heart failure patients (p < 0.05). 
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Table 2 Spearman’s rank correlation analysis of the Fe, Mg, Zn, Cu, Ca, P, and TnT levels in heart disease 

patients. 

 
Acute myocardial 

infarction 
Angina Heart failure Chest pain 

TnT–Fe −0.4111  −0.3810  −0.4909  −0.2455  

TnT–Mg −0.0049  −0.5238  −0.3526  0.1000  

TnT–Zn −0.0247  −0.0714  0.0667  −0.2909  

TnT–Cu −0.4407 * −0.6667  −0.4061  −0.2636  

TnT–Ca −0.5719 ** 0.6000  0.0714  −0.2619  

TnT–P −0.2237  0.3189  −0.1786  −0.5663  

Fe–Mg −0.5719  −0.4524  0.4255  −0.5091  

Fe–Zn −0.1689  0.3810  −0.0909  −0.0182  

Fe–Cu 0.4407 * 0.3571  0.8909 ** −0.0727  

Fe–Ca 0.4536 * −0.5429  0.3929  −0.1429  

Fe–P −0.0228  −0.0290  0.7143  0.2771  

Mg–Zn −0.0721  −0.2381  0.0061  0.4909  

Mg–Cu 0.1037  0.0476  0.3526  0.0000  

Mg–Ca −0.1748  −0.4857  0.8214 * −0.5476  

Mg–P −0.1233  −0.5508  0.7857 * −0.1325  

Zn–Cu 0.1502  −0.2619  −0.2485  0.0364  

Zn–Ca −0.2495  −0.0857  −0.2500  −0.7857 * 

Zn–P −0.5316 * 0.0580  −0.2143  0.0241  

Cu–Ca 0.2912  −0.1429  0.2143  0.2857  

Cu–P 0.0313  0.0290  0.5714  0.6627  

Ca–P 0.4747 * 0.8117 * 0.8214 * 0.4579  

Cardiac troponin T concentration was assayed using a Human Cardiac Troponin T ELISA Kit; plasma Fe concentration 

was assayed using a Metallo Assay Iron Assay kit LS; plasma Mg concentration was assayed using a Metallo Assay 

Magnesium Assay kit LS; plasma Zn concentration was assayed using a Zinc Assay kit LS; plasma Cu concentration was 

assayed using a Copper Assay kit LS; Plasma Ca and inorganic P levels in 250 µL plasma were determined using a 

SPOTCHEM automatic biochemical analyzer. 

Values in bold indicate statistical significance.      

*p < 0.05; **p < 0.01 by Spearman’s rank correlation test.    

 

Conclusions 

In this study, we examined plasma TnT, Fe, Mg, Zn, Cu, Ca, and inorganic P 
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levels in patients with heart disease (AMI, angina, heart failure, and chest pain). Plasma 

Fe, Cu, and inorganic P levels were within the normal range, while Mg and Ca levels 

were lower, and Zn levels were higher than the normal range in all heart disease patients. 

Higher plasma TnT levels were observed in AMI patients and were negatively correlated 

with Cu and Ca. Mg levels were significantly higher in AMI than in heart failure. In 

other element levels, no significant differences were observed among heart diseases. 

These preliminary results suggest that lower Cu and Ca levels and a higher Mg level than 

those of other heart diseases may be a marker of AMI. 

The novelty of the present study is that it elucidates the differences in plasma 

element concentrations among cardiovascular disease patients to discriminate AMI 

from other cardiac diseases. The limitations of the study include the small number of 

patients having each cardiac disease, the fact that only four cardiac diseases were 

investigated, and that fasting conditions were not taken into consideration. Therefore, 

further confirmation of these data using larger patient samples, investigating other 

cardiac diseases, and considering fasting conditions are needed to verify whether lower 

Cu and Ca levels and a higher Mg level in the plasma of AMI patients are indeed a 

marker of AMI. 
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